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ABSTRACT 

S k e l e t a l  Muscle Glucocort icoid Receptor and Glutamine Synthe tase  A c t i v i t y  

i n  t h e  Wasting Syndrome i n  Rats Treated With 2,3,7,8-Tetrachlorodibenzo-p- 

Dioxin. Max, S.R. and S i l b e r g e l d ,  E.K. (1986) Toxicol .  Appl. 

Pharmacol . . This  s tudy  demonstrated s p e c i f i c  

changes i n  ra t  s k e l e t a l  muscles after a s i n g l e  o r a l  dose (100 pg /kg)  of 

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). The development of the was t ing  

syndrome w a s  charac te r ized  by marked body weight l o s s ,  as w e l l  as atrophy of 

p l a n t a r i s  and gastrocnemius muscles. Fourteen days af ter  a d m i n i s t r a t i o n  o f  

TCDD, gastrocnemius muscle c y t o s o l i c  r ecep to r  b inding  was s i g n i f i c a n t l y  

diminished wh i l e  p l a n t a r i s  muscle glutamine s y n t h e t a s e  a c t i v i t y  was s t r i k i n g l y  

e l eva ted ,  i n d i c a t i n g  t h a t  s p e c i f i c  biochemical a l t e r a t i o n s  occur  i n  s k e l e t a l  

muscle i n  t h e  was t ing  syndrome. 
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TCDD causes  a s t r i k i n g  was t ing  syndrome, cha rac t e r i zed  by weight  l o s s  i n  

rats and o the r  s p e c i e s  (Seefeld -* et a1 ' 1984a).  Although t h e  mechanism of t h e  

was t ing  syndrome remains undefined,  it is  temporal ly  a s s o c i a t e d  w i t h  decreased 

food consumption (Seefeld -* et a1 ' 1984a). It has been hypothesized t h a t  

changes i n  weight r egu la t ion  and hypophagia account f o r  TCDD-induced weight 

l o s s  (Kel l ing -* et a1  ' 1985; Rozman, 1984; Seefeld et a l . ,  1984a ,b) .  However, 

a number of morphological and metabol ic  changes d i f f e r  from those  observed i n  

pair-fed con t ro l  rats. These inc lude  a l t e r a t i o n s  i n  l i p i d ,  carbohydrate  and 

p r o t e i n  metabolism (Schiller et  a1 1985; Chr i s t i an  e t  a l . ,  1986b; Gasiewicz 

et a 1  1980). -* ' 

-* ' 

Skeletal muscle accounts f o r  about 40% of  rat body weight. Therefore ,  

weight l o s s  could reflect  muscle wasting t o  a large degree. Yet, w i t h  t h e  

except ion  o f  the work o f  Christian e t  a l .  (1986b) skeletal  muscle has been 

s u r p r i s i n g l y  neglec ted  i n  s t u d i e s  of t h e  wast ing syndrome. Because of t h e  

l i k e l i h o o d  t h a t  skeletal  muscle i s  involved i n  t h e  was t ing  syndrome, we 

measured muscle w e t  weight and pro te in  conten t ,  as well as two biochemical 

parameters that are a s soc ia t ed  w i t h  muscle wasting: g l u c o c o r t i c o i d  r e c e p t o r  

b inding  and glutamine syn the ta se  a c t i v i t y .  Elevated l e v e l s  of  g lucocor t i co id  

r e c e p t o r s  have been noted i n  muscle atrophy r e s u l t i n g  from a number of causes 

(Karpa t i ,  1 9 m  - review),  inc luding  pharmacological doses  of g l u c o c o r t i c o i d s  

(Konagaya e t  a l . ,  1986). Muscle glutamine syn the ta se ,  which produces 

g lu tamine  from amino acids der ived from muscle p r o t e i n s  (Goldberg and Chang, 

19781, i nc reases  i n  many s t ress fu l  s i t u a t i o n s  inc lud ing  s t a r v a t i o n  (Marliss et  

-0 a1 , 19711, metabol ic  a c i d o s i s  (Parry and Brosnan, 1978; K i n g  -' et a1  ' 19831, 

- 

and subsequent t o  i n  vivo (King e t  a l . ,  1983) and i n  v i t r o  (Smith e t  a1 - 

1984; Max et a l . ,  1986) g lucocor t ico id  admin i s t r a t ion .  

-* ' 
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METHODS 

Materials. Experiments were conducted accord ing  t o  a s a f e t y  plan t h a t  

involved the  use o f  a biohazard containment f a c i l i t y  f o r  animals ,  p r o t e c t i v e  

equipment f o r  personnel ,  and d i sposa l  accord ing  t o  GPA r e g u l a t i o n s .  Rats 

(F344N, males, 200 g body weight, n = 13) were housed (3/cage)  i n  p l a s t i c -  

bottomed cages i n  a glove box. They were g iven  TCDD d isso lved  i n  ace tone  and 

suspended i n  sesame o i l  (p.0.) a t  a dose of 100 pg/kg i n  0.1 m1/100 g body 

w t . ;  t h i s  high dose w a s  s e l ec t ed  because it is known t o  produce was t ing  and 

even tua l  death (Chr i s t i an  -- e t  a1 ' 1986a,b). The rats were maintained i n  a 12- 

h l i g h t s  on:off schedule .  They were g iven  Purina Lab Chow (#5001) and water 

ad l i b i tum.  Cont ro ls  were t r e a t e d  w i t h  v e h i c l e  only  (p.0.) a t  a volume 

e q u i v a l e n t  t o  t h a t  given t o  t he  TCDD rats. 

Experimental  Pro tocols .  Rats were weighed a t  t h e  time of TCDD 

a d m i n i s t r a t i o n  and a t  7 and 1 4  days thereafter, when the  experiment was 

te rmina ted .  They were sacrificed by an overdose of  c h l o r a l  hydrate .  

P l a n t a r i s  and gastrocnemius muscles were removed and weighed f o r  biochemical 

de te rmina t ions .  

Assays. Cy toso l i c  g lucocor t ico id  r ecep to r  binding was measured as 

described (Konagaya et a l . ,  1986).  Due t o  l i m i t e d  amounts of material, it was 

necessary  t o  assess receptor  binding a t  a single, s a t u r a t i n g  (15 nM) 

concen t r a t ion  of I3H] t r iamcinolone ace tonide .  It is thus  not poss ib l e  t o  

a s c e r t a i n  whether changes i n  receptor  b inding  are  a r e s u l t  of altered a f f i n i t y  

or number of binding sites. Glutamine syn the ta se  a c t i v i t y  was assayed as 

described (Smith et  a l . ,  1984) using 5 mM g lu tamate  L u - ' ~ c J  as s u b s t r a t e .  

P r o t e i n  w a s  determined by t h e  method o f  Loury et a l .  (1951):- 

Statist ical  Analysis.  This  was performed using Student ' s  T-test. 

4 



RESULTS 

Vehicle-treated, con t ro l  r a t s  gained weight (19%) dur ing  t h e  1 4  d course  

of the  s tudy.  I n  c o n t r a s t ,  TCDD-treated rats l o s t  a s t r i k i n g  45% of t h e i r  

body weights du r ing  t h i s  period (Table 1). T h i s  is c o n s i s t e n t  wi th  t h e  

f i n d i n g s  of o the r s  i n  the  was t ing  syndrome ( C h r i s t i a n  e t  a l . ,  1986a; See fe ld  

-* et a1 ’ 1984a). To a large e x t e n t ,  loss of body weight ref lects  muscle weight 

l o s s  (Table 1). The wet weight of plantaris muscles of TCDD-treated rats 

decreased by 45% compared w i t h  cont ro ls .  However, when muscle wet weight is  

expressed as $ body weight, muscles from TCDD-treated rats were s i g n i f i c a n t l y  

larger (18%) t h a n  from vehic le - t rea ted  animals.  Gastrocnemius muscles from 

TCDD-treated rats l o s t  weight t o  a similar e x t e n t  (not  shown). 

Marked a l t e r a t i o n s  i n  gastrocnemius muscle g lucocor t i co id  c y t o s o l i c  

r ecep to r  b inding  and glutamine syn the ta se  a c t i v i t y  accompanied these 

changes. Receptor binding decreased t o  43% of t h e  con t ro l  va lue  1 4  d 

fo l lowing  TCDD t reatment  (Table 2). Glutamine synthetase a c t i v i t y ,  on the  

o the r  hand, increased  4.5-fold 1 4  d a f t e r  TCDD t rea tment  (Table 3 ) .  

DISCUSSION 

We have shown s t r i k i n g  abnormal i t ies  of  ra t  skeletal  muscle fo l lowing  a 

s i n g l e  high dose of  TCDD. The severe  muscle weight loss was expected s i n c e  

muscle c o n s t i t u t e s  40% of t h e  body mass of  a mature ra t .  Therefore ,  l o s s  of 

muscle , i n  a d d i t i o n  t o  ad ipose  tissue (Gasiewicz and Neal, 1979; Chr i s t i an  - e t  

-- a 1  ’ 1986a; Ke l l ing  et a l . ,  19851, might be r e spons ib l e  f o r  the  body weight  

loss i n  t h e  wast ing syndrome. This conclus ion  i s  supported by the  data of  

Table 1, and it is suggested by the  carcass p r o t e i n  measurements of C h r i s t i a n  

et  a l .  (1986a). However, the present r e p o r t  appears  t o  be t h e  f irst  i n  t he  

TCDD wast ing syndrome i n  which ind iv idua l  muscle weights are presented.  
. -. 

5 



A s i g n i f i c a n t  decrease i n  c y t o s o l i c  g lucocor t i co id  r e c e p t o r  binding 

accompanied the muscle a t rophy.  T h i s  decrease w a s  s u r p r i s i n g  i n  view of t h e  

work o f  DuBois and Almon (1980, 1981. They found an i n c r e a s e  i n  muscle 

g lucocor t i co id  r ecep to r  binding i n  a number of causes  of muscle a t rophy,  

i n c l u d i n g  denerva t ion  and d i suse  (reviewed i n  Karpa t i  e t  a l . ,  1984). D u b i s  

and Almon (1980, 1981) hypothesized t h a t  muscle a t rophy,  i r r e s p e c t i v e  of 

cause,  is accompanied by an i n c r e a s e  i n  g lucocor t i co id  r e c e p t o r  binding,  and 

t h a t  such  an i n c r e a s e  may be e t i o l o g i c  i n  promoting atrophy.  However, we have 

now shown an example o f  muscle a t rophy i n  which t h i s  i s  not the  case. 

The reason for t h e  decrease  i n  g lucocor t i co id  r ecep to r  b inding  and i ts  

s i g i f i c a n c e  i n  t h e  wast ing syndrome are not  known. The decrease may be 

related t o  changes i n  c i r c u l a t i n g  c o r t i c o s t e r o i d  l e v e l s  induced by TCDD 

(DeBartolomeis -* et a1 ' 1984). Decreased r ecep to r  b inding  may ref lect  complex 

i n t e r a c t i o n s  between TCDD and g lucocor t ico id  r e c e p t o r s .  It is un l ike ly ,  

however, that TCDD is  a c t i n g  d i r e c t l y  v i a  the g lucocor t i co id  r e c e p t o r ,  s i n c e  

r ecep to r  binding is decreased. Poe l l inge r  et a l .  (1985) have shown t h a t ,  

a l though they  have many physical-chemical similarities, g lucocor t i co id  and 

TCDD r ecep to r s  are not  i d e n t i c a l ;  i n  v i t r o ,  TCDD does not compete f o r  

g lucocor t i co id  r ecep to r  binding,  and g lucocor t i co ids  do not compete w i t h  TCDD 

binding.  On t h e  o the r  hand, TCDD and g lucocor t i co ids  do act  s y n e r g i s t i c a l l y  

i n  some s i t u a t i o n s ,  e., i n  causing c l e f t  palates i n  mice (Birnbaum -' e t  a1 ' 

1986) .  Because of the well-known muscle a t rophy caused by g l u c o c o r t i c o i d s  

(Konagaya e t  a l . ,  19861, the  r o l e  of g lucocor t i co ids  i n  t h i s  a spec t  of TCDD 

t o x i  c i t y  warran ts  f u r t h e r  explora t ion .  

The i n c r e a s e  i n  glutamine syn the ta se  a c t i v i t y  i n  TCDD-treated r a t s  is o f .  

i n t e r e s t  i n  view of t h e  work o f  C h r i s t i a n  et  a l .  (1986b1, which demonstrated 

an i n c r e a s e  i n  a l a n i n e  and a decrease i n  glutamine i n  plasma from TCDD-treated 
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ra ts  but  not from pair-fed cont ro ls .  Chr i s t i an  et  a l .  (1986b) suggested that 

there w a s  no i n c r e a s e  i n  amino ac id  product ion from muscle i n  t h e  was t ing  

syndrome. Glutamine and a l a n i n e  are s e l e c t i v e l y  released from muscle, and are 

s u b s t r a t e s  f o r  a number of t i s s u e s ,  notably i n t e s t i n e ,  l i v e r ,  and kidney 

(Golds te in ,  1986). Release of  muscle a l a n i n e  and glutamine appears  t o  be 

r egu la t ed  independently (Smith, 1986) .  Plasma and muscle glutamine dec l ines  

t o  a greater ex ten t  than o t h e r  amino acids dur ing  cr i t ical  i l l n e s s ;  the  

d e c l i n e  is related t o  t h e  s e v e r i t y  of the  i l l n e s s  and t o  t he  degree of p r o t e i n  

was t ing  (Askenazi et a l .  , 1980; Goldstein,  1986). S t a r v a t i o n  and metabol ic  

a c i d o s i s  i n c r e a s e  t h e  product ion and r e l e a s e  of glutamine by muscle (Aikawa et  - 
a1  1973; Marliss et a l . ,  1971). The e x t r a  glutamine i s  e x t r a c t e d  by the  _*  9 

kidneys and converted t o  glucose;  t h e  n i t rogen  is converted t o  ammonia 

(Golds te in ,  1986; Par ry  et  al.,  1978). Poss ib ly ,  glutamine was being 

e x t r a c t e d  from the c i r c u l a t i o n  a t  a h igh  ra te  i n  t h e  s t u d y  of C h r i s t i a n  et  

_* a1 ' (1986b); t he i r  i n t e r e s t i n g  data  may be t h u s  reconci led  w i t h  those  o f  the 

- 

p r e s e n t  s tudy .  The i n c r e a s e  i n  glutamine s y n t h e t a s e  a c t i v i t y  after 

g l u c o c o r t i c o i d  admin i s t r a t ion  (Max e t  a l . ,  1986; Smith -- e t  a1 1 1984; King - e t  

- a l . ,  1983) and t h e  s e l e c t i v e  changes i n  these amino acids noted above (Smith, 

1986) sugges t  t h a t  enhanced amino acid mob i l i za t ion  from muscle p r o t e i n  may 

occur  i n  t h e  wast ing syndrome. 

We r e c e n t l y  showed t h a t  g lucocor t ico ids  i n c r e a s e  t h e  l e v e l  of glutamine 

s y n t h e t a s e  mRNA i n  muscle cel ls  i n  v i t r o  (Max et  a1 1986). We do not know -* ' 
whether the  i n c r e a s e  i n  enzyme a c t i v i t y  caused by TCDD r ep resen t s  similar 

induc t ion  (Max et a l . ,  1986).  Nevertheless ,  TCDD causes changes i n  two 

biochemical parameters t h a t  have been a s soc ia t ed  w i t h - -  skeletal  muscle 

wast ing.  The s i g n i f i c a n c e  of these changes t o  t h e  pathogenesis  of t h e  was t ing  

syndrome remains t o  be explored. 
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TABLE 2 

EFFECT OF TCDD ON RAT GASTROCNEMIUS MUSCLE CYTOSOLIC 

GLUCOCORTICOID RECEPTOR B I N D I N G  

Treatment N C3d Triamcinolone Acetonide 

Specific Binding 

(fmol s/mg p r o t e i n )  

Vehicle 

TCDD 

6 

7 

13.53 * 3.82a 

5.83 t 2.0gb 

aData are means SD. Male F i she r  344 rats were given 1 dose of TCDD 

(100 pg/kg, p.0.). Rats were s a c r i f i c e d  and gastrocnemius muscles were 

removed 1 4  d after TCDD adminis t ra t ion.  

b S i g n i f i c a n t l y  d i f f e r e n t  from veh ic l e ,  p < 0.0005. 
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TABLE 3 

EFFECT OF TCDD CbJ GLUTAMINE SYNTHETASE ACTIVITY I N  RAT PLANTARIS MUSCLES 

~ ~- 

Treatment N 

~ ~ ~ ~ _ _ _  ~~~~ 

Glutamine Synthetase 

( nmol s/ h/ mg p r o t e i n  

Vehicle 

TCDD 

6 

6 

5.23 -t 2.96a 

23.63 i 11.47b 

~ ~~ 

aData are means f SD. Male Fisher  344 rats were g iven  1 dose o f  TCDD 

(100 pg/kg,  p . 0 . ) .  

d a f te r  TCDD admin i s t r a t ion .  P l a n t a r i s  muscle weights are g iven  i n  Table 11. 

Rats were s a c r i f i c e d  and p l a n t a r i s  muscles were removed 1 4  

b S i g n i f i c a n t l y  d i f f e r e n t  from veh ic l e ,  p < 0.025. 
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